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ABSTRACT

Light transport vehicles are becoming more im-
portant in the European vehicle fleet. There is a
growing public interest in the safety of delivery
vans as they become increasingly regarded as the
workplace of the drivers. To date, only little atten-
tion has been given to the accident involvement and
to the safety performance of such vehicles both
from the research and the regulatory point of view.

Official statistics give an overview of the growth of
the number of these vehicles and their accident
involvement. More detailed accident analyses using
in-depth studies are presented from analysis of
cases collected by DEKRA and the Ford light truck
accident study. These analyses have highlighted
particular items of interest such as crash configura-
tions, injury severity, restraint use and compatibil-
ity. The occupant safety of current delivery vans is
described by the results of crash tests and brake
tests carried out by DEKRA. Crash tests were car-
ried out at a full frontal impact at 48 km/h (ac-
cording to FMVSS 208 /301). In another test, the
vehicle was crashed at 56 km/h with 40 % overlap
(according to ECE-R 94). The responses from oc-
cupant dummies show low injury risk and reason-
able structural behaviour. Brake tests according to
ECE Regulation 13 show that the brake perform-
ance of current delivery vans is nearly the same as
for cars.

The authors highlight some areas of future consid-
eration for improving the operational safety of light
goods vehicles.

INTRODUCTION

Light goods vehicles/delivery vans belong to the
group of transport vehicles with the highest growth
rate in Europe over the last few years, with respect
to the number of registered vehicles (RUCKER et.
al., 2002). More and more goods are being deliv-

ered directly to the customer’s doorstep in the
shortest possible time. Postal express and courier
service companies have successfully established
themselves in this sector, mainly using small and
medium-sized vans. In an effort to adapt to the
changing requirements, the equipment and engine
power of such vans have been improved. Nowa-
days, vans are capable of achieving speeds of over
150 km/h — a range which was formerly only at-
tained by cars. In Germany, delivery vans have
become increasingly involved in accidents and
police traffic surveillance controls in the last few
years. It is one of the tasks of accident research to
illustrate the actual situation with the aid of scien-
tifically proven facts, thus bringing more rational
arguments into the discussion. The increasing
number of small vans involved in accidents and
registered by police enforcement cameras can be
mainly attributed to the increased number of this
type of vehicle now on the road. Scientifically
founded and more detailed studies on the accident
involvement of small and medium-size vans are
very scarce to date. At best, the studies known to us
only broach to the subject superficially.

At the end of the 1990s, DEKRA’s accident re-
search division started studying the accident in-
volvement of small and medium-sized vans
(NIEWOHNER et al., 2000; NIEWOHNER et al.,
2001). Since then, this research has been continued
with a larger number of study cases. The present
paper also includes additional research carried out
for Ford’s accident research department on light
goods vehicle accidents in Great Britain. This has
been supplemented by crash tests carried out on
vans at the DEKRA Crash Centre and braking tests
carried out at the DEKRA Automobil Testing Cen-
tre. In this way, real evidence is provided on the
status quo of the safety of this class of vehicle.
Publications dealing with this subject which have
been issued by other institutions have been col-
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lected and are included in the discussion.

DEFINITION OF SMALL AND MEDIUM-
SIZED GOODS VEHICLES (DELIVERY
VANS)

In Germany, vans can be registered either as trucks
(Lastkraftwagen — Lkw) or as private passenger
vehicles (Personenkraftwagen — Pkw). In this re-
spect, specific definitions and characteristics have
to be observed (RUCKER et al., 2002). Motor
vehicles (MVs) with a permitted gross mass above
3.5 tonnes have to observe specific speed limits
even outside of urban areas (§ 3 of the German
road traffic legislation — StVO). Motor vehicles
with a permitted gross weight of more than 7.5
tonnes must be fitted with a tachograph which can
be officially calibrated to register the vehicle’s
speed and the drivers’ working and rest times
(§ 27a of the German legislation for approval of
vehicles for public road traffic — StVZO). Apart
from this, holders of an older German driving per-
mit Class 3 (“Pkw”) are allowed to drive motor
vehicles of a permitted gross weight of up to 7.5 t,
without needing a special truck or lorry driver’s
permit.

In the sense of the present paper, small and me-
dium-sized goods vehicles are the so-called “vans”
in which the driver’s cabin and the luggage com-
partment are an integral unit. The interior of these
vehicles usually have a partition or bars to protect
the driver and passenger(s) from the load being
transported. We can distinguish between small vans
of up to 3.5t permitted gross mass (Figure 1) and
large vans of between 3.5t and 7.5t permitted
gross mass (Figure 2).

Figure 2: large vans

NUMBER OF VEHICLES REGISTERED AND
NUMBER OF RELATED ACCIDENTS, AC-
CORDING TO OFFICIAL STATISTICS

Since light goods vehicles and vans do not form a
completely separated vehicle category (in Ger-

many), it is not possible to determine accurately
from official statistics the number of such vehicles
registered or the number of them involved in acci-
dents. However, the figures which are available for
trucks and which are categorised by maximum
permitted gross mass do provide some indications.

Number of vehicles registered

Figure 3 shows the figures for the numbers of vans,
trucks and articulated truck traction units registered
in Germany as trucks, as published by the German
Federal Motor Vehicle Bureau (Krafifahrtbun-
desamt — KBA) for the 1* of July of the respective
years from 1986 up to 2001. In this figure, the
vehicles are categorised according to permitted
gross mass: vans up to 3.5 t, vans ranging from
3.51 tto 7.5 t and vans/trucks, including articulated
truck traction units, above 7.5 t.
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Figure 3: Development of the number of regis-
tered vans of permitted gross mass up to 3.5t,
between 3.5t and 7.5t and trucks, including
articulated truck traction units, above 7.5 t.

The figures published by the KBA include the
vehicles registered in the new Federal States (for-
mer East Germany) only as from 1992 onwards. A
rapid rise in the numbers of all three vehicle groups
can be identified as being the result of German re-
unification in October 1990, especially as the arca
covered by the statistics has increased. In the me-
dium-sized goods vehicle (3.51t - 7.5t) and large
goods vehicle (over 7.5 t) this rate of increase did
not continue after 1992, but the registered number
of vans of permitted gross weight up to 3.5t con-
tinued to rise steadily in the ensuing years. From
1992 to 2001, the number of registered vans of
permitted gross weight up to 3.5t increased by
774,808 vehicles, or 75 %. These figures mirror the
considerable increase in small van sales reported by
vehicle manufacturers.

Accident statistics

The German Federal Statistics Bureau (Sta-
tistisches Bundesamt — StBA) publishes figures on
the numbers and types of vehicles involved in acci-
dents. Accidents occurring in the new Federal
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States were already included from 1991 onwards.
In relationship to vans, the so-called motorised
goods transport vehicles (Giiterkraftfahrzeuge)
involved in accidents leading to personal injuries
are of interest. In these statistics, vans and trucks
with and without trailers are listed according to
their permitted gross mass (up to 3.5t,3.5t- 7.5t
and above 7.5 t). In the StBA statistics, articulated
truck traction units (called articulated trucks in the
StBA figures) are treated as a separate category.
These are mainly heavy goods vehicles which can
be categorised as trucks above 7.5 t permitted gross
weight.

Figure 4 shows the development of the related
numbers of accidents within urban areas in the
1986 - 2001 period. As can be seen, the number of
vans of the light vehicle class of up to 3.5t in-
volved increased by 4,818, corresponding to 64 %
(from 1992 to 2001).

On country roads other than Federal motorways
(Autobahnen), the number of vans of the light ve-
hicle class up to 3.5t involved in accidents with
casualties increased even more noticeably, namely
by 2,716, or 79 % (from 1992 to 2001), as illus-
trated in Figure 5. In these figures, the number of
light vehicles (up to 3.5t) exceeds the number of
medium-sized trucks (3.5t - 7.5t) involved in
accidents of this kind from 1999 onwards.

On Federal motorways (Autobahnen), the number
of vans of the light goods vehicle class up to 3.5t
involved in accidents with casualties increased by
948, or 80 % (from 1992 to 2001), as illustrated in
Figure 6. However, in this particular type of acci-
dent location, large goods vehicles of permitted
gross mass above 7.5 t, including articulated trucks,
continue to dominate.
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Figure 4: Development of number of vans/
trucks with permitted gross mass up to 3.5t,
between 3.5t and 7.5t and above 7.5t (includ-
ing articulated trucks) involved in accidents
with casualties inside urban areas in Germany
during the period 1986 to 2001 (source: StBA)
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Figure 5: Development of numbers of vans/
trucks with permitted gross mass up to 3.5t,
between 3.5t and 7.5t and above 7.5t (includ-
ing articulated trucks) involved in accidents
with casualties on country roads, excluding
motorways, in Germany during the period
1986 to 2001 (source: StBA)
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Figure 6: Development of numbers of vans/
trucks with permitted gross mass up to 3.5¢,
between 3.5t and 7.5t and above 7.5 t (includ-
ing articulated trucks) involved in accidents
with casualties on motorways in Germany dur-
ing the period 1986 to 2001 (source: StBA)

It is not possible to determine more accurate infor-
mation on the involvement of vans (light transport
vehicles) from the figures contained in the official
statistics. Apart from this, it is not possible to in-
clude those vans registered as private cars in this
separate statistical analysis. However, we may
safely sum up by concluding that both the absolute
and relative involvement of vans with a permitted
gross mass up to 3.5t in accidents in Germany has
increased considerably since the beginning of the
1990s. This corresponds to the increase of the
number of vehicles of this category registered in
the respective period.

The available official statistics give no indications
that the risk of any individual van becoming in-
volved in an accident has increased, too. Due to
their increasing use in courier and express postal
services, an increase in the specific mileage of
these vehicles can be assumed. It is thus justifiable
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to assume that the accident risk of vans has even
shown a tendency to decrease with respect to the
specific vehicle mileage. Unfortunately, no scien-
tifically founded data on the accident risk of vans
in relation to the specific mileage of such vehicles
are currently known.

RESULTS OF IN-DEPTH STUDIES CARRIED
OUT BY DEKRA’S ACCIDENT RESEARCH
DIVISION

In spite of this, the considerable increase in the
number of accidents involving vans is reason
enough for accident research organisations to in-
vestigate the accident involvement of such vehicles
thoroughly.

In investigating real accident events, DEKRA’s
accident research division (DEKRA Unfallfor-
schung) makes use of accident analysis reports. A
large number of these reports are compiled all over
Germany by specially trained experts, mainly by
order of state prosecutors and courts. They serve to
clarify how the accidents developed and contain
comprehensive technical reconstructions of the
events, including observations on how the respec-
tive accident could have been avoided, as well as
supplementary information. The cases studied here
comprise a sub-set of all accidents some of which
are included in the official statistics whilst others
are not officially reported (GRANDEL et al. 1996).
Depending on the objectives of the respective proj-
ect, DEKRA accident research staff may co-operate
with medical staff, while observing data confiden-
tiality requirements, in order to supplement the
information in the reports, which is mainly of a
technical nature, with medical data — particularly
concerning the type and severity of injuries (BERG
et al., 2002).

In 1999, the division started to compile a database
on accident events in which vans (goods vehicles
with permitted gross masses up to 7.5t) were in-
volved (NIEWOHNER et al., 2000 and 2001). At
present, this database contains data on 186 cases
which occurred between 1995 and 2001. 96 % of
the goods vehicles in the cases investigated had a
permitted gross mass of 3.5 t or less.

Comparison of the cases studied by DEKRA to
the official statistics

In 166 of the cases studied by DEKRA, the acci-
dent location is exactly known.

Figure 7 shows their distribution in comparison to
the distribution of all 27,932 accidents in which
vans of a permitted gross mass up to 3.5t were
involved, as recorded by official StBA statistics in
2001. Of these 27,932 recorded accidents, 20,678

led to injuries to persons and 7,254 were associated
with severe material damage (in the more exacting
definition according to the StBA). The bar chart
shows that the majority of the cases studied by
DEKRA occurred on country roads and on motor-
ways (Autobahnen).
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Figure 7: Comparison of locations of 166 trans-
port vehicle accidents (in DEKRA database) to
the locations of 27,932 accidents with casualties
and severe material damage occurring in Ger-
many in 2001 and involving vans of a permitted
gross mass of up to 3.5 t (StBA)

In 139 of the cases studied by the DEKRA accident
research team, information was available on the
severity of the injuries incurred by persons in-
volved in the accidents. A comparison with the
severity figures of the 27,932 accidents registered
by the StBA for the year 2001 shows that the cases
studied by DEKRA contained a higher proportion
of severe injuries and fatalities, as illustrated by
Figure 8.
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Figure 8: Comparison of the severity of 139
goods vehicle accidents (in DEKRA database) to
the locations of 27,932 accidents with casualties
and severe material damages occurring in Ger-
many in 2001 and involving vans of a permitted
gross mass up to 3.5 t (StBA)

This is because the commissioning of experts to
analyse accident occurrences is governed by the
cost/benefit relationship. As a result, experts are
more frequently called in to investigate the more
serious accidents. Due to the higher speeds leading
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to accidents of this kind, these mainly occur outside
of urban and built-up areas, and on motorways
(Autobahnen). This means that DEKRA accident
research focuses more strongly on serious acci-
dents.

In the 166 cases where the month of the accident
was known and recorded in the DEKRA database,
an aggregation in the warmer part of the year is to
be observed, Figure 9. This is also visible in the
distribution of the 27,932 accidents with casualties
involving vans of a permitted gross mass up to
3.5 t, as registered by the StBA for the year 2001.
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Figure 9: Monthly distribution of 166 transport
vehicle accidents (in DEKRA database) and of
27,932 accidents leading to casualties and severe
material damages occurring in Germany in 2001
and involving vans of a permitted gross mass up
to 3.5t (StBA)

Other detail characteristics of the cases studied
by DEKRA

The time of day when the accident occurred is
known for 163 of the cases studied by DEKRA.
The corresponding distribution chart shows distinct
aggregations in the periods 6-8 a.m., 10-12 a.m. as
well as 2-4 p.m. and 4-6 p.m., Figure 10.

In accordance with their majority status in road
traffic, private cars were the type of vehicle most
frequently involved in collisions with vans, i.e. in
45 % of all cases, Figure 11. These are followed by
accidents involving the van alone (13 %) and then
by accidents between vans and heavier trucks of a
permitted gross mass of over 7.5 t (13 %).

The most frequent accident type — also termed
“situation leading to accident” — in which vans
were involved was found to be the accident in the
direction of traffic flow, as shown in Figure 12. In
second place, with 23 % of all accidents, are turn-
ing-off / road crossing accidents. Third in the fre-
quency rating are accidents in which the driver lost
control over the vehicle, constituting 16 % of all
occurrences.
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Figure 10: Distribution of 163 van accidents
over the time of day (DEKRA database)
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Figure 11: Distribution of other parties in-
volved in accidents, data for 166 van accidents
(DEKRA database)
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Figure 12: Accident types, data for 164 van
accidents (DEKRA database)

It was possible to reconstruct the collision situa-
tions of 158 of the van accident cases. The results
are shown in Figure 13. The majority of cases are
frontal van collisions. In 29 % of all cases, the front
of the van collided with the side of the other vehi-
cle involved, in 25 % with the front and in 11 %
with the rear of the other vehicle. Side-swiping
collisions (where the sides of both vehicles in-
volved in the accident touch) and accidents in-
volving the van alone, both with a proportion of
8 %, come fourth.
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Figure 13: Collision situation of 158 accidents
in which vans were involved (DEKRA database)

Vehicle speed and collision speed

In 151 cases it was possible to reconstruct the
speed at which the vans were travelling immedi-
ately before the accident occurred, and in 150 cases
it was possible to determine the collision speed.
Figure 14 shows the cumulative frequency for all
road types. A cumulative frequency of approxi-
mately 70 % is achieved by vehicle speeds in the
71 to 80 km/h range and by collision speeds in the
61 to 70 km/h range.
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Figure 14: Cumulative frequency of the speeds
at which 151 vans were travelling immediately
before the accident and of the collision speeds of
150 vans, both on all road types (DEKRA data-
base)

In five cases (3 %), vehicle speeds of over
130 km/h were observed. As this is a speed cur-
rently under discussion as a possible speed limit for
goods vehicles with a permitted gross mass of up to
3.5t, these cases were investigated in more detail.
One of the accidents was a frontal collision with an
on-coming truck and occurred during daylight
hours on a country road. Here, there are indications
that the van’s driver was excessively tired. Three of
these accidents occurred on motorways and in-
volved two or more vehicles, the van running into
the rear of a truck travelling ahead of it. The fourth
motorway accident was a single-vehicle accident
due to a burst tyre. Two of the motorway accidents
occurred between 2:25 and 6:00 a.m. and the other
two accidents occurred during daylight hours. The
accident development situations of the three

front/rear collisions give reason to believe that the
respective drivers had been careless or had even
fallen asleep.

In all five cases, the accidents would have occurred
in virtually the same way and very probably had
the same severity if the speed had been limited to
130 km/h. This shows that no useful potential for
limiting the speed of light goods vehicles to
130 km/h can be deduced from these study cases.

Distribution of the responsibilities for the acci-
dents

Drivers of vans with a permitted gross mass of up
to 3.5 t are clearly overrepresented in an analysis of
official statistics to determine the ratio of main
parties to blame per 1000 persons involved in road
accidents, as illustrated in Figure 15. An above-
average number of van drivers were found to be the
main person responsible for accidents in both 1992,
when the ratio was 585/1000, and in 2001, when
the ratio was 630/1000 for all registered persons
involved in accidents. A similar situation can be
observed for vans of a permitted gross mass of 3.5t
to 7.5t (1992: 598 main accused persons per 1000
persons involved, 2001: 601 main persons accused
per 1000 persons involved). Seen in relationship to
the known number of vehicles registered and the
recorded number of accidents, these figures show
that drivers of delivery vehicles have been very
frequently responsible for causing accidents.

In accidents involving vans/trucks over 7.5t per-
mitted gross mass, it was found that the drivers
were the main parties to blame in 515 and 525
cases per 1000 persons involved, respectively. The
corresponding figures for drivers of articulated
trucks were 502 and 518, which is quite close to the
average of 500. Bus drivers are the main person
responsible in only 389 and 395 cases per 1000
persons involved, respectively, this being far below
the average value.
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Figure 15: Main person responsible for causing
accidents with casualties, per 1000 persons in-
volved in accidents, for the years 1992 and 2001
(source: StBA)
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The cases recorded in the official statistics include
both single-vehicle accidents (in which the driver
of the vehicle is usually at fault) and accidents
involving two or more parties.

In this context, 166 of the cases studied by DEKRA
in which two vehicles were involved were investi-
gated to determine whether, in the opinion of the
accident research experts, the driver of the transport
vehicle was wholly responsible, mainly responsi-
ble, only partly responsible (approximately 50:50)
or hardly or not at all responsible for the accident.
Figure 16 shows the results of this analysis. This
shows that there is a tendency for the transport
vehicle driver to be more frequently at fault than
the other person(s) involved in the accident.

N = 156 Accidents involving
two vehicles Hvan driver Oother vehicle driver

not known 14

essentially 40
not responsible 37

partly 1
responsible 10

mainly 35
responsible 44

Relative Frequency [ %]

Figure 16: Distribution of the responsibility for
156 two-vehicle accidents involving vans, ac-
cording to experts’ opinions (DEKRA database)

In agreement with the deductions drawn from the
StBA statistics, potential benefits can be expected
from corrective measures concerning drivers. This
is already reflected in the training required to ob-
tain the respective driving permits for buses and
large trucks/heavy goods vehicles (HGVs). Sup-
plementary training of van drivers should also be
provided, for example regular discussions on
safety-relevant matters such as compliance with
regulations on driving (working) hours and rest
periods etc. at meetings of the vehicle fleet drivers.

Severity of injuries and use of safety belts

The 166 van accidents recorded in the DEKRA
database also involved 237 front-seat passengers of
these vehicles. It was possible to determine the
severity of the injuries suffered by 201 of these 237
occupants. Approximately 60 % of them sustained
injuries of which 30 % could be classified as severe
injuries. 17 % of the passengers and drivers sus-
tained slight injuries and 14 % sustained fatal inju-
ries.

Some of the relatively frequent and severe injuries
can be obviously attributed to the low utilisation of
safety belts. For 73 occupants, it was possible to
conclusively determine whether he/she wore a seat

belt or not, Figure 18. Approximately half of these
drivers and passengers (49 %) were not wearing a
seat belt. Among the unbelted persons about 89 %
sustained serious or fatal injuries whereas only
59 % of people who were wearing a seat belt sus-
tained these injuries.
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Figure 17: Severity of injuries to 201 front-seat
van passengers (DEKRA database)
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Figure 18: Safety belt usage by 73 van passen-
gers, according to injury severity (DEKRA da-
tabase)

FINDINGS OBTAINED BY FORD’S ACCI-
DENT RESEARCH TEAM

The following section contains detailed evaluations
and results of an in-depth collection of data of
nearly 500 van accidents in Great Britain. This
study is part of Ford’s European accident research
effort, it was commissioned by Ford and carried out
by the Vehicle Safety Research Centre of the Uni-
versity of Loughborough. The accident database,
which has been in existence for ten years now,
mainly contains data on delivery vans (permitted
gross mass up to 3.5 t), car-derived vans (e.g. Ford
Escort and Courier) and minibuses. To select the
relevant cases from the entire set of accidents re-
corded, two exclusion criteria were applied:

— the vehicle involved (van) needed to be towed
away following the accident because of the dam-
age sustained,

— at least one of the persons involved must have
been injured during the accident.
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In principle therefore, the set of accidents studied is
subject to random sampling. Most of the vehicles
involved were less than six years old when the
accident occurred. The injuries are classified ac-
cording to the “abbreviated injury scale” (AIS
system, 1990 — AAAM, 1990). LENARD et al.
published a detailed description of this study in
2002.

The British national accident statistics (RAGB,
2000) provide an important indicator for analysing
light goods vehicle (LGV) accidents from “in-depth
data surveys”. If we compare the proportion of
LGV drivers killed in accidents to the proportion of
passenger car and bus drivers killed in accidents,
respectively, these statistics show that the percent-
age of LGV driver fatalities, at 83 % of all occu-
pants, is much higher than for cars (65 % of the
fatalities are drivers) and bus occupants (7 % of the
fatalities are drivers). This corresponds well to the
number of occupants normally travelling in the
respective types of vehicle. For this reason, it is
particularly important to evaluate real accident data
with a view to potential improvement of driver
safety.

Figure 19 shows the distribution of the types of
collision covered by the sample. In the case of
multiple collisions, the collision which led to the
greatest damage to the vehicle was chosen as the
assigned collision type. As opposed to this, all
accidents in which the vehicle was turned by at
least a quarter of a revolution along its longitudinal
or transverse axis were classified as being a “roll-
over” collision, irrespective of the severity of asso-
ciated additional collisions. In these figures, frontal
collisions are by far the most frequent types of
collision involving delivery vans.

others

roll-over 1% N =497
22%

rear
4%

frontal
59%

lateral
14%

Figure 19: Type of collision, for 497 accidents
involving delivery vans in Great Britain (Ford
database)

The degree of utilisation of safety belts, as shown
in Table 1, was determined mainly by investigating
the vehicle after the accident, although the occu-
pants were also questioned about this fact. Evi-

dence that the driver had been wearing the safety
belt was found in 47 % of all cases. A further 9 %
of the drivers stated that they had been wearing the
safety belt although this was not confirmed by the
vehicle inspection. The proportion of passengers
restrained is considerably lower than that of the
drivers.

Table 1
Utilisation of safety belts by 902 delivery van
occupants (Ford database)

Belt driver co-driver passenger | total

used abs. | % abs. | % abs. | % abs. | %
yes 233 | 47 41 1| M 18| 308 | 33
claimed 46 9 5| 14| 17 4| 68 7
no 151 3 16| 46| 244 | 62| 411 | 45
not known 62| 13| 10| 29| 61| 16| 133| 14
total 492| 100| 35| 100 | 393 | 100 | 920 | 100

Risk of injury due to frontal collisions

Table 2 shows the effect of the other vehicle/object
involved in the collision on the driver of the deliv-
ery van. The proportion of fatal (6 out of 13) and
severe injured (MAIS 2+; 46 out of 99) to van
drivers is very high especially in collisions with
heavy goods vehicles (HGVs) and buses. This is
particularly significant as the proportion of HGVs
and buses in the entire number of vehicles on the
road is only small.

Table 2
Van driver injury severity in relation to the
other vehicle or obstacle involved in the acci-
dent, frontal collisions (Ford database)

other fatal | MAIS 2+ | MAIS1 | MAISO | total*
vehicle / abs. | abs. abs. abs. | abs.| %
obstacle

car 2 37 83 19| 143 | 46
HGV, bus 6 46 40 1 941 30
tree, mast 1 5 25 4 35 11
or pole

wall, crash 1 5 10 1 17 5
barrier,

fence

others, not 3 6 9 5 23 7
known

total 13 99 167 30| 312| 100

* contains 3 cases with unknown injury effects

The proportion of drivers who were protected by
wearing a safety belt during a frontal collision is
shown in Table 3. The belt utilisation quota for all
cases has been determined to be 46 %, but 77 % of
the drivers killed were not restrained when the
accident occurred.
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Table 3
Safety belt utilisation by drivers of vans in-
volved in frontal collisions

Belt fatal | MAIS 2+ | MAIS1 | MAISO | total*

used abs. abs. abs. abs. abs. | %
yes 3 45 83 11 143 | 46
claimed 0 9 20 41 33| 1
no 10 40 37 8| 97 AN
not known 0 5 25 7 37 12
total 13 99 165 30| 310| 100

* contains 3 cases with unknown injury effects

Injury risk of drivers and passengers on the
struck side in lateral collision situations

The following findings relate to drivers passengers
sitting on the outermost seat of a van on the side of
impact in a lateral collision. In these accidents, the
vans collided most frequently with cars (64 %),
HGVs and buses (27 %), as shown in Table 4. The
total number of cases studied is not sufficient to
deduce statistically validated results, but a trend is
perceivable: namely that the highest risk of injury
occurs during single-vehicle collisions with
poles/masts etc. and collisions with HGVs.

Table 4
Injury severity of van drivers and occupants
seated on the side facing the collision in relation
to the other vehicle or obstacle involved in the
accident, lateral collisions

other fatal | MAIS 2+ | MAIS1 | MAISO | total*
vehicle / abs. abs. abs. abs. abs. | %
obstacle

car 0 7 19 21 29| 64
HGV, bus 2 2 5 3 12 27
tree, mast 1 1 1 0 3 7
or pole

wall, crash 0 0 0 0 0 0
barrier,

fence

others, not 0 0 1 0 1 2
known

total 3 10 26 5| 45| 100

* contains 3 cases with unknown injury effects

CRASH TESTS USED TO ANALYSE OCCU-
PANT SAFETY

Nowadays, the safety equipment of modern deliv-
ery vans is of practically the same quality as that in
passenger cars. This has not always been the case.
A comparison of the safety equipment of vans in
the past ten years shows that the use of passive
safety elements has increased considerably since
Ford introduced the first series-equipment airbags
in 1994 (WILHELMI, 2002). Nowadays, airbags
for the driver seat are standard equipment in 90 %

of all vans, the same applies to ABS or power-
assisted steering. Airbags for the co-driver seat are
available as options for almost all vehicles.
Whereas, in the past, safety elements such as belt-
pretensioners, belt force limiters, height-adjustable
seat belts, lateral crash protection, differential
locking, wing mirrors with wide-angle sectors and
load-anchoring eyes in the cargo spaces were ex-
ceptions rather than the rule, they are now either
standard equipment or at least available upon cus-
tomer request.

A comparison of the safety equipment offered in
different variants of the same vehicle model series
has shown that minibuses are usually equipped
with a wider range of safety devices than goods
vehicles. Some manufacturers offer, for their mini-
bus-versions, safety elements which they do not
offer for the goods transport version of the same
model. The Volkswagen T4 can be named as one
example: the minibus version can be obtained with
the “Electronic Stability Program ESP”, but this is
not offered for the goods vehicle version. This
illustrates that, due to a lack of market demand,
there is still a need to adjust the standards of safety
equipment for goods transport vehicles.

The following section describes three crash tests
carried out by DEKRA’s accident research division
on Ford Transit vans. These serve to illustrate the
status of the interior safety of modern vans in
frontal collisions using the same criteria as applied
to cars. In addition, a crash test was carried out on
an older-model Fiat Ducato pick-up truck at a
lower collision speed. Up to date, only few results
of delivery van and light goods vehicle crash tests
have been published (BURGER, 1992). The Aus-
tralian New Car Assessment Program (ANCAP
CRASH TESTS, 2002) has provided some more
recent results of crash tests with utility vehicles.

Full-frontal impact crash tests

Three tests were carried out with the vehicle hitting
a rigid, non-deformable barrier with 100% of its
width (so-called full frontal tests), the test data are
given in Table 5. The occupants were modelled
using instrument-bearing dummies of type Hybrid
11T (50™ percentile male) which were fastened in by
safety belts. The driver seat was occupied during
all tests. The Ford Transit vans also carried passen-
gers on the co-driver seats. Test SH 02.018 was
carried out with a so-called double passenger seat,
so that two co-drivers (one in the middle, the other
on the outside seat) could be placed in the vehicle.

In accordance with the American safety standards
FMVSS 301 and 208 (currently valid up to 2003),
the Ford Transits were crashed into the barrier at 48
km/h (30 mph). Both test vehicles were equipped
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with airbags for the driver’s and outer passenger’s
seats. In test SH 02.018, the passenger on the mid-
dle seat was protected by a safety belt only.

Table S:
Synopsis of full-frontal impact tests

Testno. | Vehicle Mass Speed Occupants
[ka] [km/h]

SH 02.018 | Ford Transit | 2,460 | 48.1 Driver, passenger

van, middle seat,
built 2001 passenger outer
seat
SH 02.203 | Ford Transit | 2,350 | 48.4 Driver, passenger
van, outer seat
built 2001
SH 02.180 | Fiat Ducato | 2,450 | 31.7 Driver
pick-up,
built 1994

For the older model Fiat Ducato pick-up, a consid-
erably lower collision speed, 32 km/h, was se-
lected. The objective of this test was to obtain in-
formative dummy stress data modelling a frontal
collision in which the occupants could survive.

Figure 20 shows pictures of the progress of the
collision in one of the Ford Transit tests. The un-
folding of the airbag and the external deformation
of the driver side of the vehicle can be seen.

Figure 20: Progress of the collision during full-
frontal test number SH 02.018 at 48.1 km/h

In line with the test conditions, the fronts of the
vehicles were deformed over their entire widths, as
shown in Figure 21.

The Ford Transit has two sturdy longitudinal frame
elements. These contributed symmetrically towards
absorbing the impact energy by converting it into
deformation work. No fluids leaked from the tanks
of either vehicle following the crash. The driver
and passenger airbags of both Ford Transit vehicles

were deployed. The survival space for the occu-
pants remained virtually fully intact in all test vehi-
cles. There were some folds to be seen in the
floors/foot spaces of the vehicles. It was possible to
open the driver and passenger doors of the two
Ford Transit manually without tool — contrary to
the doors of the Fiat Ducato, which had to be
opened with a tool. In all tests, the dashboards /
instrument panels showed traces of knee and lower
leg impact by the dummies. For example, Figure 22
shows the situation in the region of the outer co-
driver dummy’s knee in the Ford Transit in test
SH 02.018.

Figure 21: Deformation of the vehicle fronts
(top picture: Fiat Ducato after impact at
31.7 km/h; centre: Ford Transit after impact at
48.1 km/h; bottom: Ford Transit after impact at
48.4 km/h)

Figure 22:  Situation in the region of the outer
co-driver’s knee in a Ford Transit, showing
traces of knee and shin impact, in test number
SH 02.018
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In addition, in test SH 02.018, carried out with
three occupants, the head of the passenger dummy
on the middle seat struck the instrument panel.

Except for the left-hand femur load measured in the
Fiat Ducato, all measured dummy stresses were
lower than the corresponding biomechanical limit
values. Some of the measurement results are dis-
cussed below.

Figure 23 shows the values of the Head Injury
Criterion (HIC). At a range between 423 to 561,
these are far below the limit of 1000. In test
SH 02.018, the value determined for the middle
passenger, HIC = 550 showed a greater stress than
those for the driver (HIC =399) and the passenger
on the outer seat (HIC =423). This corresponds to
the middle passenger’s head striking the instrument
panel. In test SH 02.203, the head stresses of both
the driver (HIC=559) and the passenger
(HIC =561) were roughly equal. In conjunction
with the HIC evaluation of the driver of the older
model Fiat Ducato, it must be remembered that this
was tested at a lower collision speed.

HIC Limit value I 1000

SH 02.018 Transit BFa

SH 02.018 Transit BFm

SH 02.018 Transit F

423
550
399

SH 02.180 Ducato F

251

SH 02.203 Transit BFa 561
SH 02.203 Transit F 559

Figure 23: Head stresses of the dummies, de-
termined as HIC values (F: driver, BFm: middle
passenger, BFa: passenger on outer seat) , in
comparison to the limit value

The thorax deceleration values, asn,, are shown in
Figure 24. They range from 32 g for the middle
passenger of the Ford Transit (test SH 02.018) to
40 g for the passenger on the outer seat of the Ford
Transit (tests SH 02.018 and SH 02.203), and are
also well below the limit value, which is 60 g in
this case.

a3ms[9]1  Limit value —so
SH02.018 TransitBFa [ 40
SH 02.018 Transit BFm [ 132
SH02.018 Transit F [ 38
SH02.180 Ducato F  [[7]33
SH 02.203 Transit BFa [ 40
SH02.203 TransitF [ 42

Figure 24: Thorax deceleration values, ajp,
experienced by the dummies, in comparison to
the limit value

The values of the longitudinal forces measured in
the left-hand femur of the dummies are quite re-
markable, as shown in Figure 25. In the Fiat Du-
cato, the value obtained was 10.5 kN, which is in
the region of the 10 kN limit for this criterion. This
corresponds to the knee striking the dashboard,
behind which there is a sturdy cross-member. The
other values, which are between 1.0 and 2.2 kN, are
well under the limit.

FIKNI  Limit vaiue S 10

SH 02.018 Transit BFa 1,8

SH 02.018 Transit BFm 2,2

SH 02.018 Transit F []1

SH 02.180 Ducato F 10,5

SH 02.203 Transit BFa 2

SH 02.203 Transit F [ ]1,1

Figure 25: Maximum compressive forces F
measured in the left femur of the dummies, in
comparison to the respective limit value

One of the vehicles (test SH 02.018) was subjected
to a so-called static roll-over test in order to check
the leak-tightness of the tanks in accordance with
FMVSS 301 (Figure 26). In this test, the vehicle is
rotated, in stages, about a longitudinal axis by two
full revolutions. After each quarter of a turn, i. e. in
the 0°, 90°, 180° and 270° positions, the vehicle is
held stationary for 5 minutes. During this test, not
more than 142 g of fuel per 5 minute period may
leak out. The vehicle passed this test.

Figure 26: Test to check for tank leakage in
accordance with FMVSS 301

Offset-test with an overlap of 40%

A further Ford Transit van (of mass 2,502 kg, built
2000) was subjected to a so-called offset test with
40% of the front striking a fixed rigid barrier fitted
with a deformation element at 56.2 km/h. This test
is defined in the European regulation ECE-R 94.
As in the full-frontal test SH 02.018, the vehicle
was equipped with airbags for the driver and the
passenger seats. Dummies of type Hybrid IIT (50"
percentile male), were fastened in on the driver seat
and the middle and outer passenger seats by means
of the safety belts. Figure 27 shows the progress of
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the crash. The unfolding of the airbag and the ex-
ternal deformation of the driver side of the vehicle
can be seen.

Figure 27:  Progress of the collision during
offset test SH 02.019 at 56.2 km/h

The one-sided action of the impact forces on the
front of the vehicle is a typical characteristic of
offset crashes. Correspondingly, the longitudinal
frame element being directly hit has to convert
more of the impact energy than the one on the side
away from the impact. Figure 28 shows the de-
formed vehicle in the final rest position.

Figure 28: Front of the Ford Transit, shown in
the final position after collision at 56.2 km/h and
with a 40% coverage of the obstacle in an offset
crash test

Although there are no safety-relevant legal regula-
tions concerning goods vehicles with respect to
offset crash tests, the Ford Transit also showed
structural characteristics in this test which were
generally acceptable. The occupant cell did not
break apart. The foot space was damaged more
severely in front of the driver’s seat than during the
full-frontal tests. The floor was folded in the
driver’s area. Both the steering wheel and the pedal
assembly intruded further into the inner space than
after the full-frontal tests of the same vehicle type.

The driver-side door was jammed and could only

be opened manually with much greater force (a
force of 800 N was measured) after unlatching the
door from the inside of the vehicle. The passen-
ger’s survival space was virtually completely in-
tact. The passenger door could be opened manually
with normal effort and without tools. The instru-
ment panel / dashboard showed traces of being
struck by the knees and lower legs of all three
dummies. The head of the dummy on the middle
seat had struck the instrument panel. Both airbags
had been deployed and had helped to restrain the
driver and outer passenger.

All measured dummy stresses were below the re-
spective biomechanical limits. To illustrate this,
Figures 29 to 31 show the measured HIC, thorax
deceleration ay, and the maximum compressive
forces in the left thigh. The value ranges are:
HIC =112 -229, a3,s =27-38gand F=0.9-3.9

kN.
HIC
Limit value 1000

Transit BFa 112
Transit BFm 120

Transit F 229

Figure 29: Head stresses of the dummies, de-
termined as HIC values (F: driver, BFm: middle
passenger, BFa: passenger on outer seat) deter-
mined in offset crash test SH 02.019

ams[9]
Limit value 60
Transit BFa :| 27
Transit BFm 7:| 31
Transit F 7:| 38

Figure 30: Thorax deceleration values, aj,,,
experienced by the dummies, determined in
offset crash test SH 02.019

F[kN]
Limit value 10

Transit BFa not measured

Transit BFm j 09

Transit F 39

Figure 31: Maximum compressive forces F
measured in the left femur of the dummies, de-
termined in offset crash test SH 02.019
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Generally speaking, the offset crash test shows that
light goods vehicles (LGVs) have not yet com-
pletely achieved the same high safety standards as
modern car designs. Although the legal require-
ments on goods vehicles with respect to passive
safety will not be made any stricter within the fore-
seeable future, vehicle manufacturers are commit-
ted to continually improving the safety of such
vehicles.

BRAKE TESTS FOR ANALYSING ACHIEV-
ABLE DECELERATION VALUES

In addition to passive safety, the active safety of
delivery vans is being widely discussed. In order to
examine the braking capacity of modern vans com-
pared to that of passenger cars, appropriate trials
according to ECE-R 13 were carried out at the
DEKRA Automobile Testing Centre (HAUSSER-
MANN, 2003). The vehicles used in the trials were
a Fiat Ducato Maxi 2.8 idTD, a Mercedes Sprinter
311 CDI and a Renault Master 2.5 dCI. An identi-
cal model of each of these vehicles is made by
other manufacturers (Fiat: Citroen and Peugeot,
Mercedes: Volkswagen, Renault: Opel and Nissan),
meaning that the results of the test series can be
regarded as being representative. The trials were
carried out on dry tarmac surfaces on the test tracks
of the Euro Speedway Lausitz at an ambient tem-
perature of 4°C. The vehicles used the tyres fitted
by the respective car dealer (Renault Master: Mich-
elin all-round tyres, Fiat Ducato: Pirello summer
tyres, Mercedes Sprinter: Continental summer
tyres). As a comparison, a car - VW Polo - was
tested under identical conditions. All vehicles were
fully loaded, and the maximum permissible axle
load was used to the full in each case. First of all,
three tests were carried out at a speed of 100 km/h
using cold brakes. Then a further three test series
were carried out at an initial speed of 130 km/h,
also with cold brakes. Finally, a test was carried out
with warm brakes from a speed of 100 km/h. To
warm up the brakes, 16 full braking manoeuvres in
which the vehicle was brought to a total standstill
from 100 km/h were carried out in quick succes-
sion.

Figure 32 shows the braking distances, whereby
only the best value is shown for those tests involv-
ing several braking manoeuvres per vehicle at the
same conditions. With cold brakes, the braking
distances of all vehicles were very similar, both at
initial speeds of 100 km/h — the values being be-
tween 50.1 m (Mercedes Sprinter) and 54.4 m (Fiat
Ducato) and at 130 km/h — where the values ranged
from 80.5 m (Renault Master) to 88.2 m (Fiat Du-
cato). In a direct comparison, no difference be-
tween the braking capacity of the vans and that of
the car could be identified.

In the trials with warm brakes out of 100 km/h, the
braking distance of the VW Polo, namely 49.6 m,
was considerably shorter than the braking distance
of the vans, namely between 58.0 m (Fiat Ducato)
and 59.9m (Renault Master). On the one hand, this
indicates a reduced braking performance of the
vans under the extreme conditions given here. On
the other hand, one must take into consideration
that at a braking distance of 59.9 m from a speed of
100 km/h, the mean deceleration to a complete stop
according to ECE-R13, was still 8.1 m/s*. This is
considerably higher than the values required by
ECE, which for braking manoeuvres using the
driving brake system and with the engine running
but no gear engaged, are between 5.0 and 5.8 m/s?,
depending on the vehicle category.

s[m]

VW Polo | E— 9,5

Renault Master ]159.9

Mercedes Sprinter 159.,4

from 100 km/h
warm brakes

Fiat Ducato 158

VW Polo |—— ¢,

Renault Master 180,5

Mercedes Sprinter 84,2

from 130 km/h
cold brakes

Fiat Ducato ]88,2

VW Polo | 5.9
Renault Master 151

Mercedes Sprinter 150,1

from 100 km/h
cold brakes

Fiat Ducato ]154,4

Figure 32: Braking distances obtained for
three delivery vans (Renault Master, Mercedes
Sprinter, Fiat Ducato) and a car (VW Polo) in
brake tests carried out according to ECE-R 13
under identical conditions.

SUMMARY AND OUTLOOK

In the 1990s, both the number of registered light
goods vehicles (up to 3.5t permitted gross mass)
and their rate of involvement in accidents with
casualties increased considerably. In Germany,
between 1992 and 2001 the number of registered
vehicles of this type rose by 75% and their in-
volvement in accidents with casualties by 64%
(urban areas) and 80% (Autobahnen), respectively.
In accordance with manufacturers’ sales figures
and the high demand for transport services in the
courier and postal sectors, one can assume here that
the so-called “delivery vans” play a large role.
Against this background, there is a need to investi-
gate the involvement of these vehicles in accidents
and their safety, since this category is not treated as
a separate group in the (German) registration and
accident statistics. Up to now, too little is known
about the involvement of these vans in accidents
and about risk characteristics in relation to their
number and specific mileage.

The DEKRA accident research team has been in-
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vestigating accident occurrences with delivery vans
since the late 1990’s. In a pilot study, an accident
database for these vans was established. This cur-
rently contains data on 166 cases. From these data,
we know that cars are the most frequent counterpart
in accidents involving vans, that in the second
largest group of accidents only the van is involved
and in the third, the van collides with a heavy truck
or lorry. With regard to the type of accident/type of
occurrence causing the accident, accidents in the
direction of traffic flow are the most common, then
turning-off / road crossing accidents, and then acci-
dents in which the driver has lost control of the
vehicle. On the whole, frontal collisions are the
most frequent type of collision involving delivery
vans.

Among measures currently being discussed with a
view to reducing the number and severity of acci-
dents involving delivery vans, is a technical limita-
tion of speed to 130 km/h in small vans (up to
3.5t). In the case of larger goods vehicles/vans
(permitted gross mass of 3.5 t to 7.5 t) registered as
goods vehicles (LKW) a speed limit of 80 km/h has
been imposed for some time now. An evaluation of
the reconstructed driving and collision speeds of
vans involved in accidents recorded in the DEKRA
database shows that less than 5% occur in the speed
range above 130 km/h, and that these accidents
could hardly have been avoided even if there had
been a technical limitation of the maximum possi-
ble speed of light transport vehicles to 130 km/h.
As the evaluation of the official accident statistics
also shows, most accidents involving goods vehi-
cles occur in towns or on main country roads. This
means that the potential benefit of speed limiters
set to 130 km/h maximum speed in vans would be
restricted to preventing a very small number of
accidents caused by excessive speeding on motor-
ways.

In agreement with official statistics, the DEKRA
cases show that the drivers of small vans cause
accidents more frequently than the average driver.
In this respect, further systematic analyses of the
accidents with relation to accompanying driving
behaviour of the drivers as well as targeted training
measures are necessary. In this connection, the
possible regulation of driving and rest times for
delivery van drivers should be considered.

As part of Ford’s European accident research work,
the Vehicle Safety Research Centre of the Univer-
sity of Loughborough, commissioned by the Ford
Motor Company, has collected and evaluated the
data of approx. 500 van accidents in Great Britain.
These examinations, too, show that 59% of van
accidents are usually head-on collisions. Here, too,
the collision counterparts are mainly cars (64%). In
27% of all cases the van collided with a heavy

goods vehicle. The most severe injuries incurred by
van occupants resulted from collisions with heavy
goods vehicles and stationary objects.

In the accidents studied in Great Britain, the use of
safety belts was very low in vans (50% for drivers,
30% for other occupants). Similar results are also
available for Germany. Observations made by the
DEKRA accident research team in 1999 on main
country roads showed that only around 18% of the
occupants of light transport vehicles (mainly vans)
were restrained. In other observation studies carried
out on motorways in 2001, the percentage of re-
strained occupants of light goods vehicles was
38%. These figures are much lower than the figures
for safety-belt use in cars, in which more than 90%
of drivers and adult front-seat passengers have been
regularly using their safety belts since the mid-80’s,
according to the German Federal Road Office. It is
a major aim therefore to encourage the use of
safety belts in light goods vehicles. In September
2002, at the International Automobile Fair (IAA) in
Hannover, the German Traffic Safety Council
(Deutscher Verkehrssicherheitsrat, DVR) launched
the campaign “Has it clicked?” together with the
trade association for vehicle use, DEKRA and other
partners. This campaign also targets van drivers.

Passive safety in modern small vans has already
reached a very high level, especially for occupants
who are restrained. This was documented by a trial
using a Ford Transit in three crash tests (two full-
frontal and one offset) in the DEKRA crash centre.
In the full-frontal test against a rigid barrier at a
collision speed of 48 km/h, the body structure with-
stood the crash stresses very well. The survival
space for the occupants remained intact. All loads
on the driver and two front-seat passengers re-
mained below the biomechanical limits. Also in the
offset crash, all dummy loads remained below the
corresponding limits. The results of an asymmetri-
cal load test fell slightly short of the high level of
safety achieved in modern car design. In a com-
parison full-frontal test in which an older-model
Fiat Ducato pick-up truck crashed into a rigid bar-
rier at 32 km/h, distinct improvements in the inte-
rior safety of modern delivery vans can be distin-
guished.

The braking performance of modern vans in com-
parison to a car was examined in brake tests. Here,
no difference could be found in cold brake tests
from 100 and 130 km/h. In warm brake tests from
100 km/h, slightly shorter braking distances were
measured for the car than for the vans, even though
the average deceleration to a complete stop of these
reached the high value of 8.1 m/s”.

Although no tightening of the legal requirements is
expected in the near future, the vehicle manufactur-
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ers have dedicated themselves to continually im-
proving the safety of these vehicles, too. As with
heavy commercial goods vehicles, a lot of delivery
vans nowadays are the driver’s place of work,
making the driver’s safety all the more important.

Vans are often described in the media as the new
“menace on the roads”. This is counterproductive
in view of the traffic space becoming more and
more crowded. What is needed is a partner-like
relationship among all types of road users in order
to avoid accidents and guarantee the flow of traffic.
Here, drivers of commercial vehicles, being the
“professionals”, have a special responsibility to-
wards other road users and themselves as well as to
their vehicle and cargoes. Special driver training
and improved vehicle technology contribute to
improving safety and the image of the delivery van
as an indispensable part of fast and flexible com-
mercial road traffic. Accident research work con-
tributes by systematically analysing and presenting
results, and by discussing findings and providing
appropriate suggestions for improvement.
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